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SERUM C_2"IOLESTEROL AND CANCER IN THE lowering action of preclinical cancer. 313't''*6Some studies,
NItANES 1EPIDEMIOLOGIC FOLLOWUP however, have found that the inverse relation did not

STUDY disappear for malignancies diagnosed two or even more
years after cholesterol determination. '_9'1.a2 A positive

ARTHUR SCHATZKIN ROBERTN. HOOVER association between cholesterol and cancer at one major site
PHILIP R. TAYLOR REGINAG. ZIEGLER has also been described. 26

CHRISTINE L. CARTER* DAVID B. LARSON We report here the findings of a study of the relation
LISA M. LICITRA between serum cholesterol and all cancer in a unique cohort

Cancer Pret,entionStudiesBranch, Divi.nbnof CancerPrevention based on a probability sample of the United States
and Control,and ErrviromnenralEpiderraologyBranch, D1z4sionof population.
Cancer Etiology,National CancerInstitute, Bethesda,Maryland
20892; Biometryand ClinicalApphcanons Branch, Di_qsionof Methods
Biom£try and Applied Sciences,National Institute of z_4ental

Health, Rockville, Maryland 20897; and lnformatum Management The Cohort
Sertnces,Silver Spring, Maryland 20910, USA The NHANES I EpiderruologicFollowup Study (NHEFS) is a

cohort study based on the National Health and Nutrition
Summary The relation between total serum Examination Survey (NHANES I)Y NHANES I was conducted

cholesterol and cancer incidence and by the National Center for Health Statistics from1971to1975 on a
mortalitywas studiedin a cohortbasedOn a probability probabilitysampleoftheciviliannon-trtstitutionalisedpopulationoftheUnitedStates._ Tracingandre-interviewfortheNq-IEFS
sampleoftheUnitedStatespopulation.5125men (yielding weredonebetween1981and1984.14407adultsaged25-74who
459 incidentcancersand 258 cancerdeaths)and 7363 wereexaminedin1971-75wereeligibleforinclusioninthe
women (398cases,186deaths)wereinitiallyexaminedin b,q-IEFS.The mean agesatbaselinewere52formen and48for
1971-75and followedup fora medianofI0years.Men in women.33% oftherncnand27% ofthewomenwereagedover65
thelowestcholesterolquintilchad nearlydoubletheriskof atentryintothestudy.94% ofthe5811men and92% ofthe8596
thosein the highestquintilefor both inddence and women examinedinNHANES Iweresuccessfullytraced.
mortality.Among women a similarrelationwas seenfor
cancer mortality, but cancer incidence in the lowest quintiie Identification of Cases
was only 1-2 times that of women in the highest qumtile. Acohort member was classifiedas a cancer case if there wasany
The inverse cholesterol-cancer relation in men was present diagnosis of cancer (International C_.lasaitlcationof Diseasescodes
for cholesterol determinations made 6 or more years before 140-208, excluding non-melanoma skincancer, ICD code 173)on a
diagnosis of cancer. It may be premature to dismiss the hospital record or death certificate. For cases identified through
inverse relation between serum cholesterol and cancer hospitalrecords, thedateoffirstadmissionwithcancerlistedinthe

simply as a preclinicld marker of disease, discharge diagnosiswas regarded as the incidence date. The date ofdeath wasconsideredas the incidencedate for those cases forwhich
only death certificate data were available. In the mortality analyses,

Introducl_on only cancer listedas the underlying cause of deathwasconsidered to
SEVERALcohort studies have shown an inverse relation be a case.

between serum cholesterol and all cancer, aa6whereas others
have demonstrated no such association, t'as The inverse Measurement of Cholesterol and Other Covariates
relation, noted in a few investigations to be confined to Cholesterol was determined from non-fasting baseline blood
cancers diagnosed in the first few years after cholesterol specimenswith a serm-automatedmodifiedferric-sulphuricmethod
measurement, has been attributed to a possible cholesterol- in the lipidlaborator3'of the Centersfor Disease Control.a_a°

s-
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TABLE I--PERCE,X_FAGES OF SUBJECTS HAVING VARIOUS CANCER RISK FACTORS WITHIN CHOLESTEROL QUINTI LES •

Serum cholesterol qumtiles (rag 100ml) I Serum cholesterol quintiles (rag' I00 ml)

I 'J ' 33

Age >_65yr 27 33 30 36 38 IIAge >_65yr ] 9 11 23 33 47
Education < 12 s'r 49 49 47 40 48 '_Education < 12 yr 42 30 41• 43 44i

PIR <16qt 34 31 20 33 I 30 PIR < 5It 35 33 33 30
BMI >_27t 28 30 34 37 ,i 40 ]BMI >_27_: 27 31 34 37 [ 40
Smoking I>27 pack-vr:. 32 35 35 33 I 37 liSmoking />13 pack-vr ,I 19 19 19 22 i 23
Alcohol >I5 g,day_ 22 22 24 24 I 24 iIAlcohol />5 g day_ " 13 15 14 I 15 (, 15

Fat intaRe >_41%kcalt 32 33_ 33 37 32 ' Fatintake _>40%kcalt 31 34 35 33_ i 36Fibre intake <7-1 gdayt 32 32 33 35 Fibre mtak.¢<56g, daytl .'>9 33 33 36ti F

BMI = body mass index. PIR = povert3"index ratio.

_'P_tages for all risk factors except age are age-adjusted by the direct method. H PIR is based on household income adjusted for family size and other
demographic chatacterlsncs; ratios of 10, < 1O, and > 1-0indicate, respectavety,"poverty level", "below poverty", and "'above poverty". The fibre vat'table
represents total diet_' fibre.
tLowest tea'tile. _tHig_estterule. _Highest tertaleamongdrirtkers.

Data on age, education, poverty index ratio, body mass index, cancer of any site (except non-melanoma skin cancer) at baseline
alcohol consumption, and diet were taken from the baseline were excluded. A small ntnnber of men and women fell into more

interview. The dietary data were derived from a 24 h recall than one of these exclusion categories. Only those missing baseime
interview. 31a=Smoking information was collected on only about serum cholesterol and/or those with cancer were excluded from the
haft the subjects in NHANES I. For the rest, we inferred smoking mortality analyses.
status at baseline from questionnatre data obtained at follow-up 5125 men and 7363 women were included m the incidence
from subjects or their next of kin. analyses. 459 cancers were identified in men and 398 in women.

5791 men and 85 35 women were included in the mortality analyses,
Populations for lnc_idence and Mortality Analyses and these included 258 men and 186 women who died of cancer.

686 men and 1233 women were excluded from the inciden¢_ The median cohort follow-up time for all analyses was 10 years.

analyses. 351 eligible men and 675 eligible women could not be
traced. 309 men and 483 women were traced alive but did not have a Analytical Procedures

follow-up interview, either because they refused or because they Crude incidence (and mortality) rates for quinriles of serum
could not be contacted. 20 men and 61 women were missing cholesterol were calculated by dividing the number of new (and
baseline serttm cholesterol information. 10 men and 25 women with fatal) cancers occurring among subjects m that qulnnle by the total
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refe¢to the numbers of subg't"ts(ca_) within eac,.hcholeslerollevel.



300 THE LANCET, AUGUST 8, 1987

TMILE lI--RELATIVE RISK ESTI._..L_..TESFOR ALL CANCER BY SERUM CHOLESTEROL LEVEL

Incidence Mortality

Cholesterol (rag: 100 ml) Cholesterol (rag. 1(30ml)

[ _<182 [ 183-205 ] 206-226 227-254 />255 _<182 183-205 1 206-226 I "v_7-'_54 >/255
]

1O I 13 I0 l.l (I.0) 16 1-6 I I 1.2 (l_))R.R* l

95%CI ! 12-21) ] (10--19) (0.7-1.3) (08--1.4) . (10-2-3) (1.1-23) , (07-17) (06-1.7)

,Muhivanate RRT , 1.7 I 15 1-0 1"2 (i0) 1-9 1-9 ' 14 14 (10)
i (I 2-2-6) [ (1 0-2"2) (0-7-1"5) (0-8-1"8_ .. (10-3"4) (1"1-34) (0.8-2.5) (0'8-2"5) ..95% CI
1

] _<179 180-203 204-229 230-261 >1262 _<179 180-203 204-2. x) ! 203-261 >_262

IXt°mcn: I I I

RR t 1.4 1-0 I-0 1.0 (1-0) 2.6 1-0 1 5 1 2 (1 0)
95% CI (1-0-2-0) (0.7-1.4) (0"7-1"3) (0"8-1.3) (1.6-4.1) (0.6-4.1) (1.0-2.3) (0.8-1.9) ..
Multivariate RR: 1"2 1"0 0-8 0.9 (i.0) 2.0 1-0 1 2 1"2 (10)

95%CI (0.8-1.9) i (0.7-1.5) (0.6-1.2) (0.6-1.2) .. (1.0-3.8) (0.5-2-1) (0-7-2-2) (0.7-2-0) ..

RR = relative risk. (1-0) indicates reference value.
*Age-_ljusted in proportum_l hazards model that included v'm'_bles for age and cholesterol.

?Model includes variables for age, education, body mass index, srntldng (lm_-years), alcohol, dietary fat as a percentage of total calories, dietary fibre, and
cholesterol. Because some subjects were missing infotmatio_ on smoking (even when follow-up data were used) and/or diet, the number of cases in the
multtyanate models for incidence and mortality were reduced, respectively, to 257 and 127.

:Model includes variables for age, education, body mass ind., smoking (pack-years), alcohol, dietary fat as a percentage of total calories, dietary fibre, age at birth
of first child, age at mmarche, panty, and cholesterol. Because socne subg, cts were missing infom_ation on smoking (even when foLlow-up data were used) and, or
diet, the number of cases in the multivariate models for incidence and mortality wet_ rCdu¢_i, reSlseCtwely, to 268 and 107.

number of person-years contributed by the subjects within that quintiles of baseline cholesterol are shown in the figure. In
quindle. Thenumberofperson-yearscontributedbyanindividual men-there was a comistent inverse relation between

subjectwas calculated from baselineto the 6me of cancer diagnosis cholesterol and cancer rate for incidence and mortality. In
or death or the time of the follow-up interview, whichever came women the inverse relation for mortality was stronger than
first. Age-adjusted rates were calculated by the direct method, ss that for incidence (both associations being determined
Cox's proportional hazards regression technique was used to

analyse the simultaneous relation of serum cholesterol, age, and largely by the elewated rate within the lowest cholesterol
other variables to cancer mddcmce and mortality, in the cohort. _-_ qulntile). Inverse associations were confined to leukaemia

and cancers of the lung, bladder, and pancreas in both men

Resttlti and women and to cancer of the cervix in women.

Age-adjusted and multivariate relative risk estimates from
Mean total serum cholesterol (SD) was 221 (47) mg/100 proportional baT_rds regression models are shown in table

ml for men and 222 (50) mg/100 ml for women. For men, the u. There was an inverse association between cholesterol and
redo of observed cancer cases to expected cases (based on cancer incidence in men; the multivariate relative risk
age-specific, sex=specific, and race-specific incidence rates estgmates (and 95% confidence intervals) for the first to
from the Connecticut Tumor Registry) was 1.04 (95% fourth quintilesofcholesterol inclusive (in comparison with
confidence interval, 0-95-1.14). The observed/expected the highest quintile) were, respectively, 1.7 (1"2-2.6), 1.5
ratio for women was 1-01 (0'91-1' I 1). (1.0-2-2), 1-0 (0.7-1 "5), and 1-2 (0.8-1 '8). The trend test for

The relation of basetine total serum cholesterol to several incidence was significant (;(z=9.77, p=0-002). Similar
potential cancer risk factors is shown in table I. In men results were obtained when incident cases reported by death
baseline serum cholesterol varied directly with age, poverty certificate only were eliminated and when mortality was
index ratio, body mass index, and cigarette smoking.Little analysed.
or no relation was observed between serum cholesterol and For incidence m women there was a small non-significant
education or consumption of alcohol, fat (as a percentage of increase in risk confined to the lowest quintile of cholesterol
total calories), or fibre. Similar relations are seen in women, (table II). The multivariate relative risk estimates for
except that women with higher levels of cholesterol incidence in women were 1'2 (0.8-1.9), I-0 (0.7-1.5), 08
consumed more fat and less fibre. (0.6-1.2), 0'9 (0-6-1.2). The trend test for incidence was not

Age-adjusted cancer incidence and mortality rates by significant (X'--2.34, p=0.13). Negligible differences

vas_ lU--_t_VlvE RISKOFC_._XCERm _t_T_OS VOS_t.'M CXOt.V.s'r_OL_VEL, 8Vv_a_s OFrota.ow-uP

Relauve risk (men)" Relative risk _women)"

-- ]O-l.Oyr(n=56)'2-$.9yr(n=lM_ 6+yr(n-168) -- 0-1-�yr(n_58) ] 2-5"9 yr (n =125) 6+ yr(n=153)
Serum cholesterol Serum c.ha_sterol

rr_/lO0 roll : :r_llO0 Ml) :
< 182 0.8 (0.3--19) 1 "5(0°--2-5) 2"2 (1.3-3.7) ,< 179 3-3 (1.3-8.2) 0_ (0.3-1.3) 1.0 (0.6-1 "8)
183-205 1.3 (0.o--26) 1-0 (0.6--I-7) 1.8 (1 "1-3-1) 180-203 1'3 (0-4-3.8) 1-0 (0.6-1-8) 0-8 (0-5-1.4)

206-226 06 (0.2-1 4) 0.0 (0'6-1.6) 1.7 (1.0-2.0) 204-_ 2"8 (1.5-5.9) 0.8 (05-1 3) 0-7 (0-4--I .2)
_. _-_54 0.8 _0 4-1 7) 0.8 _0.7-20) 1,8 (I-I-3.0) 230-261 1-9 (0-9--4-0) ! 0.6 (0.4-1.0) 1.0 (0.7-1 5)

:255 ] ',1.0) .. (I.0) .. (I-0_ .. />262 (1"0) .. 1 (10) .. (I.0) ..

n = number of cases confirmed by hosptud n:cords.
"Age-adiusted RR (and 05% CI) dertved from follow-up time-slx'cific proportamal hazards models that included variables for age and cholesterol. Estimates
were not materially altered in multivariate models that included variables for age, _ cholesterol, educatioa, body mass index, smoking (pack-years), alcohol,
dietac," fat as a perctnatage of total calories, dietary fibre, and, for women, age at birth of first child, age at meruu-che, parity, and serum cholesterol.
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resulted from the elimination of those incident cases Alcohol Abuse and Alcohohsm; Nauonai lnsmute of Allcrg3' and lnfcchous

identified from death cer'dficate only. The risk was elevated Disease; and Nanonal Institute of Neurological and Communtcauve
Disorders and Stroke. The field work was conducted by Westat, Inc under

for women in the lowest cholesterol qumtile in the analysis of contract no 23380-2049.

mortality. (RR = 19, 1.0--3.4). Correspondence should be addressed to A. S., National lnsututm of

The relation of cholesterol to cancer incidence and Health, National Cancer Institute, Blair Building, Room oA-01, Bcthcsda,

mortality, was similar across subgroups of various cancer risk MD 20892, USA.

factors, including age, education, body mass index,

smoking, alcohol consumption, and fat consumption. In m_vEm_xcl-s
women the inverse cholesterol-cancer relation for both I Ros_G,BlackbumH, Kcx>A,etaLCokmcanccraa_dbioodcholesteruLL,v,c,.tlo74;

i: 181-83.

incidence and mortality was observed only in those aged 2. Rose G, Shlpley MJ' Plasma hpgts and mortaliD': A source of error. Lancet 1980; _:
under 50. 523-20

We examined the cholesterol-cancer relation for three 3 Carabten F, Ductmit,ere P, Richard J. Total serum cholesterol and c,xnoer mortahry m
a freddie*aged popu]anon. ,4m_ Epl&vmo11980; 112: 38&_4.

distinct follow-up periods---under 2, 2-5, and 6 or more 4. Bcagtehole R, Foulkes M-X, Pnor I?uM, et aL Cholesterol and mortaliw m Ne_

years from the time of cholesterol measurement to cancer z=t_d _v,ons.& Medy 1980;,: ZS_-a7
5. Williams RR, Sorhe PD, Femtmb M, et M. C.,anc'_ modence bv levels of cholesterol.

diagnosis (table 1II). Only those incident cases confirmed by ?,+M,4 iota; ,4s: 247-52
hospital records were analysed, since the time of cancer 6 KaganA, McC_,_DL, YanoK, et al. Serumcholesteroland morrahtyto a

Japane_-Amencan populauon: The Honolulu Heart Program. A,n .7 I-ptd_nwl
diagnosis was thought to be less reliable for cases identified 1981;114:1t-20.
by death certificate only. Among men the inverse relation 7 Stemmerman GN, Nomura AMY, Hedbnan LK, et aL Serum cholesterol and colott

was strongest for cases diagnosed 6 or more years after cancermcidencemHawa_tanJaFamesenum'y'VatlCanwxrlnstt981;67:l179"82"
8. Garcia-Palrmen MR, Sorlie PD, Costas R, et ai. An apparmt toverse retaUotashtp

serum cholesterol was measured. There was a statistically _w_m set,am ciaolesterol and cancer mortaflry in lhJerto Rico..4mJ &_nd,'_,u,,l

significant excess risk only among women in the lowest 19ai; 114:29.-40.

cholesterol quindle in whom cancer was diagnosed within 2 9 Kark JD, Smith All, Haines CG. The relauomhtp of serum cholesterol to thetoodenct of cancer m EvansCoamty, Georgaa..7 Chrmt Du lq60; 33:311---._.

years of cholesterol determination. 10. Kozarevic DJ, M.¢C,,_ D, Voivodic N, et al. Serum cholesterol and mortality: The
Yugoslavia Cardiova._utar DisearmeStudy. Am.7/:_ak-nad 1981; 114: 21-28.

_On I 1. Petersort B, TrellE. Pr_'nature mortality m waddle-aged m_m: Serum cholesterol as a
risk factor. Klin 117_¢.hr1983; 63: 795--801. '

In this cohort study based on a probability sample of the 12.SortiePD,FemleibM.Theserumcholestrafl-oncer_p:Ananalymsofttme
trmds m the Frammgham Study..7 3,'ad Cancer hut 1982; 69:.989-96.

US population, an inverse relation was observed between 13. Wallace RB, Ro*t C, aurmetster LF, etaL Cancer modenc_ in hm'nans: ReLatkmship

total serum cholesterol and cancer incidence and mortality to plasma lipids and relarwe weight. J Nazi Cancer lint 1982; 611:915--18

among men. A majority of earlier cohort studies have 14.Intm'mao_ Cofm,om,.eC,,_p c_c.t_mla_ol_t_l _¢lmn _.kofa_th from
tatocer in tram _ 40 to 69 y_a_: Experience of an tot_ collaborata,.e

reported similar findings] -16although some have found no #,_p. y Am Med Assoc 1982; 248."2853-59.

association between cholesterol and cancer in men? '+°_-_s 15. Morro DL, Borl'ami NO, Fitz.sunoas E, et aL Serum cholesterol and cancer m the
Hyperten._torl Detecuort and Follow-up [_gram. Cam_" 1983; 52: 1754-59.

In order to investigate the "prechnical cancer effect" 16. SherwinRW, WenrworthDN, Cud_JA, etaLSerumcholesterotlevelsandcalxer

(reverse causation) hypothesis, we analysed the relation monaiit+., trt 3¢1 602 men screened for the Muluple Ri_ Factor Intervention Tr'taL
ffA.AfA 1987; 257: 943-48.

between cholesterol and cancer according to the interval 17.wesa_aa K, Nicolaysen R. Ten-year rnot'_it3- and morbidity related to senwn

between cholesterol measurement and cancer diagnosis. We cho_=_,L Scand] Clm Lab In_.est 1972; 30 (suppl 127): 3-24.

found that the inverse relation between cholesterol and 18.DyerAR,StamlerJ,PaulO,etal.Ser,arncholesterrJlandriskofdeathfromcancerand
other causesin threeOticago epldem_k)gl_tlsngtiet..7 Chrmt Dis 1981; 34:

cancer in men did not diminish with increasing time to 2o-60.

diagnosis and was, in fact, strongest for cancers diagnosed 6 19 vain s, c_muo_ t:, E,.=-Zo_ S, _t _ A,o_tms of _ h_ d==t_
lipopt_t eLqand total cholesterol with tutal, card_ovascul_ and ¢tant2erroortah_, m a

or more years after cholesterol determination. These 7-yearprospecavestudyof t0 000men.Lancal_t;i:1011-14.

findings do not support the preclinical cancer effect 20. ThomasC.B, DuszynsluKR, Sd-tafferJW. Claolesterol levet_ to young adulthood and
subsequent _=a-lotr:A prdtrnma_-note. Johns Hopk Med ] lq_2; 150:.89-_.

explanation for the inverse cholesterol-cancer relation in 21.HiattRA,FnedmanGD,Bav,_alRD,etaI.Breast_.ncerandserumcholest_+ol.y.Vatl
men. However, our knowledge of the natural history of c._,, t,_, 1982;_. sa3-_.
cancer is insufficient to dismiss completely the possibility 22. Salonen JT. Risk of can_ and death in relation to se*xma cholesterol: A km_tudmal

studym an Eastern Finnish popuLataon with high overallctml_,terol level..4m )"

that the carcinogenic process could affect cholesterol E_dennoi1982;t16:022-30.

metabolism many years before a tumour becomes clinically 23.KeysA,AravantsC,BlackburnH,et aLSetamacholesterolandcancertmmahtytothe
Seven Countries Study. Am J l_pld_mol 1985; 121: 870"-83.

apparent. 24. Winl;srd D L, Cnqua .MH, Holdbtxx_ M J, Barrett -Cotmor E. Plasrrm cholestet_ and

In the few previous studies of the relation between _ morbtdits., and morea 15"m an adult commumry, y Chron Du 1984; 37:401-.06.

cholesterol and cancer in women, no significantassociation 2s. Hian RA, Firmam BH. Senu'n cholesterol and the incidence of cancer in a large

has been found, _.u,t_-tsaa_as although trends towards both cohort.._ Chro_, Ors 1980; Jg: 861-70.
26. Tomberg SA, Holm L-E. Cazstensen JM, Eldtmd GA Rt.s_ of cancer oft.he co_a

an inverse9,''.'Janda dil'ect l] relation have been obser'ved. _ _ in re_u¢'_ to s¢txtrn cholestet,ol and besa-iil_l_mem. N Er_lJ Al¢d

Our data showed a non-significant inverse relation for 1986;]1t: 10.'a_-33. ,.

cancer incidence among women in the lowest cholesterol 27"MadamJH'KlemmanJC'C°xCS'etal'10yearsafterNHANES l:Rel_°rt°ftoittal
follow-up. 1982-84. PuN Hlth Rep 1986; 101: -165--73.

quintile. For mortality, a significant inverse association for 2a Natk-malJCenter fat H,_lth Statistics. Plan and operation of the Health and Nutralon

women was observed in the lowest quintile. These data Exarmnatmn Surxev. DHEW pubhcatic_n ao _PHS) 709--1310. Vital and h,.._th
stanstics, s_.-nes 1, no 10a. Hyartsville, Matvland, 1965.

suggest an inverse relation in women that was largely limited 29. Nat totud Cant c'rfor Health Stammcs. Serum cholesterol le...els by pers_ms 4-.74 years of

tO more lethal cancers. We note that the site-specificcancers _, by s_oc_cot_omic chara_ertsu,._. DHEW publicatta_ no(PHS) 80-1_07. %'_tal
and health .,taustg.-s, _nes I I, no 217. Hyattss311¢, Maryland, 19_0.

among which inverse cholesterol-cancer relations were 3o Eavenson D, Gn,.w OT. Casam JG, Wirier RF. A s='nm_omatcd prtx:edure for the

found comprised a greater proportion of total cancers in men _,,=_t_ of serura dmlesterol using the AbelI-KtmdaU method. }' .'Ira (_hi
C&_ Sac 1_; 43:052-5o.

than in women, 31. National Center for Health Stattstic_ Instruction ,Mamual. Data a_¢ctitm. Part 15a.
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